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IMAGE PROCESSING APPARATUS

INCORPORATION BY REFERENCE

This application is a continuation of U.S. patent applica-
tion Ser. No. 13/875,767 filed May 2, 2013, which claims
priority based on Japanese patent application No. 2012-
215489 filed on Sep. 28, 2012, the entire contents of which
are incorporated herein by reference.

BACKGROUND OF THE INVENTION

The present invention relates to image processing tech-
niques.

As the background art of this technical field, there is JP-A-
2005-004506 (Patent Literature 1). This Patent Literature 1
contains in its Abstract a disclosure which reads as follows:
To “provide an image processing program capable of excel-
lent Multi-Scale Retinex processing without depending on
the content of an original image to be processed,” “in the
Multi-Scale Retinex processing a composite blur image D6 is
created by selecting on a per-pixel basis any one of a plurality
of blur images D4-1 to D4-3 different in blur degree, which
are generated from a plurality of scale-different periphery
functions D3-1 to D3-3 in accordance with the pixel value
level of an original image D2 to be processed. By letting a
low-pass filter 410 apply filtering to the composite blur image
D6, discontinuous generation of unnatural boarder is pre-
vented, thereby performing the Retinex processing.”

SUMMARY OF THE INVENTION

In the technique disclosed in Patent Literature 1, the con-
tribution of an image to a plurality of scales has been taken
into consideration; however, it fails to take account of the
contribution to the nature of reflection. Thence, the process-
ing result becomes uniform correction regardless of the mate-
rial of an object in an image photographed. This poses a
problem as to the deficiency in depiction of the texture of such
object.

The present invention has been made in view of the above-
stated problem, and an object of this invention is to provide a
technique for performing more preferable image correction
processing.

To attain the foregoing object, in accordance with one
aspect of this invention, an apparatus is provided which
includes an input unit for inputting an image signal and an
image corrector for correcting the input image signal. The
image corrector is arranged to extract from the input image
signal a specular reflection component and a diffuse reflec-
tion component and generate a corrected image signal based
on an arithmetic operation result with respect to the specular
and diffuse reflection components thus extracted.

According to this invention, it becomes possible to perform
more preferable image correction processing.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagram showing one exemplary configuration
of an image processing apparatus embodying this invention
(Embodiment 1).

FIG. 2 is a diagram showing a configuration of processing
of an image corrector used in the apparatus.

FIG. 3 is a diagram showing a configuration of a reflected
light detection unit in the image corrector unit.

FIG. 4A is adiagram showing a configuration of a reflected
light controller used in the image corrector; and, FIG. 4B is a
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2

diagram showing a configuration of a reflected light control-
ler with luminance characteristics being added thereto.

FIG. 5 is a diagram for explanation of the nature of
reflected light by means of a Phong reflection model.

FIG. 6 is a diagram showing a configuration of prior art
reflected light detector.

FIG. 7 is a diagram showing a configuration of prior art
reflected light controller.

FIG. 8A is a diagram graphically showing a Gaussian
distribution; FIG. 8B is a graph showing a cosine-based lumi-
nance distribution; and FIG. 8C is a graph showing a pow-
ered-cosine luminance distribution.

FIG. 9A is a graph showing a plot of specular correction
gain versus luminance value of image; and FIG. 9B is a graph
showing a plot of diffuse correction gain versus image lumi-
nance value.

FIG. 10 is a diagram showing a configuration of an image
processing apparatus also embodying the invention (Embodi-
ment 2).

FIG. 11 is a diagram showing a configuration of an image
corrector unit in the apparatus of FIG. 10, for explanation of
an example of adaptive control based on noises and outside
light.

FIG. 12 is a graph showing a relationship of edge amount
and gain.

FIG. 13 is a diagram showing a configuration of another
image processing apparatus embodying the invention (Em-
bodiment 3).

FIG. 14 is a diagram showing a configuration of still
another image processing apparatus embodying the invention
(Embodiment 4).

DESCRIPTION OF THE EMBODIMENTS

Although illustrative embodiments of the present invention
will be described with reference to the accompanying figures
of the drawing below, this invention should not be limited
only to these embodiments. In respective drawings for expla-
nation of embodiments, the same parts or members are des-
ignated by the same reference numerals, and repetitive expla-
nations thereof are eliminated.

Embodiment 1

In this embodiment, an image projector will be explained
as an example of image processing apparatus embodying the
invention for performing image correction by decomposing
an image per reflection nature of light.

FIG. 1 shows an exemplary configuration of image pro-
cessing apparatus 1000 (projector) having image processing
functionality in accordance with one embodiment of this
invention.

This image processing apparatus includes an input signal
processing unit 11 which receives an input image signal 10
and converts it into an internal image signal 12 by using a
compressed video/image signal decoder, interlace/progres-
sive (IP) conversion, scaler and others, an image correcting
unit 100 which inputs the internal image signal 12, a timing
controller 14 which inputs a corrected image signal 13 and
treats this signal to generate a display control signal 15 based
on horizontal/vertical sync signals of a display screen, and an
optical system unit 200 for visually displaying images.

The optics unit 200 includes a light source 203 which emits
luminous flux, a display element 202 which is controlled by
the display control signal 15 to generate an image by adjust-
ing the gradation or “tone” of the light flux from light source
203 on a per-pixel basis, and a projection lens 201 for output-
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ting to a screen or the like those light rays passing through or
reflected from the display element 202. In an optical path
between the light source 203 and display element 202 and a
light path between the display element 202 and projection
lens 201, optical elements are disposed which are needed
according to specifications on a case-by-case basis, such as
lenses, mirrors, optical filters and others. Examples of the
display element 202 include, but not limited to, a digital
mirror device (DMD) for reflecting the light from the light
source, a reflective liquid crystal (L.C) element for reflecting
the light from the light source, and a transmissive LC element
for permitting transmission of the light from light source. The
display element 202 is not required to be a single element; it
may alternatively be arranged by a plurality of elements, in
which are provided those elements corresponding to multiple
light colors (e.g., three primary colors of red, green, blue)
respectively.

The image corrector 100 is configured from a reflected
light detection unit 150 which receives the internal image
signal 12 as its input signal and performs image processing
based on the retinex theory to thereby detect two kinds of
reflected light components 101 and 102, and a reflected light
controller 180 which inputs the two reflected light compo-
nents detected and performs, after adjustment of reflected
light, recomposition or “resynthesis” to thereby output a cor-
rected image signal 13.

Prior to explaining configurations of the reflected light
detector 150 and reflected light controller 180, traditional
retinex theory-based image correction processing will be
explained. It should be noted that the processing to be dis-
cussed here is for comparison with the processing of this
embodiment, and has no direct relation to the image correc-
tion processing of this embodiment except for those parts to
be referred from the explanation of the image correction
processing of this embodiment.

According to the retinex theory, an image I is represented
by a product of illumination light I and reflectivity r; so, it is
given as I=L-r. Assume here that a local illumination light
component complies with a Gaussian distribution. In the cen-
ter/surround (C/S) retinex which is the retinex for extraction
of reflected light components, the reflected light R of a loga-
rithmic space is obtained from a difference between the Gaus-
sian distribution in the logarithmic space and the pixel of
interest in an image under an assumption that L follows the
Gaussian distribution with this pixel as its center point. Here,
letting the luminance value of the pixel of interest be I(x, y)
and letting the gaussian be F(x,y), the following equation is
given.

Rxy)-log 1x,y)-loglFx.»)@) Ixy)]

In Equation 1, the Gaussian distribution of dispersion &
with the origin in a two-dimensional (2D) space being as its
center point is given by the following equation.

(Equation 1)

(Equation 2)
Gauss(x, y, o) =

FIG. 8A is a graph showing a curve of Gaussian distribu-
tion, with its vertical axis indicating a luminance level and
with transverse axis indicating one-dimensional (1D) posi-
tion coordinate system. From this graph, it can be seen that the
luminance level decreases with an increase in distance from
the center point.

A product of F(x, y) and I(x, y) is called the convolution
product, which is given by the following equation.
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Note here that a model represented by a single scale as in
Equation 1 is called the single-scale retinex (SSR) model; a
model represented by a plurality of scales is called the multi-
scale retinex (MSR) model. The SSR is a model for extracting
a reflected light luminance component relative to one scale
from within an image. The MSR is an extended version of
SSR model, which is for extracting from within the image
those reflected light luminance components with respect to a
plurality of scales. Supposing here that the i-th SSR’s
reflected light component is synthesized by a weight W, the
MSR with N scales (where N is a positive integer) is given by
the following equation.

Rsski(x, y) = logl(x, y) —log[Fi(x, y) @ I(x, y)] (Equation 4)

n
Rusr(x, y) = Z WiRssg,i(x, ¥)
in1

Equation 4 will be explained using FIGS. 6 and 7. For
purposes of brevity, there is considered the case of N=2, that
is, the case of MSR consisting of two SSRs. FIGS. 6-7 are
diagrams for explanation of a configuration which uses prior
known retinex theory-based image correction processing to
convert an input image signal 12B into a corrected image
signal 13B. The configuration explained here is merely for
comparison with that of this embodiment, which has no direct
relation with the embodiment configuration shown in FIGS.
1-2.

FIG. 6 is a diagram showing a configuration of a functional
unit 120 which detects reflected light of MSR. The reflected
light detector 120 is constituted from a couple of SSRs. More
specifically, this detector includes a filter 121 with first scale,
a filter 123 with second scale, and logarithmic converters 125
and 127 connected to the filters respectively.

The filter 121 with scale #1 outputs a processing result
signal which is obtained by applying computation using the
convolution multiplication represented by Equation 3 to an
image signal 12B ofan object to be processed. The logarithm
converter 125 applies logarithmic conversion to a convolution
multiplication result signal 122. A logarithmically converted
signal 126 is subjected to calculation of a difference of it from
the original image signal, thereby outputting a reflected light
component 101B based on the first scale. This is the SSR
reflected light component in the case of i=1 in Equation 4.

The filter 123 with scale #2 outputs a signal 124 indicative
of'a result of processing for applying to the image signal 12B
the convolution multiplication with its scale different from
that of the first scale filter 121—i.e., a scale larger than the
first scale. The logarithm converter 127 applies logarithmic
conversion to the convolution multiplication result signal
124. A logarithmic converted signal 128 is subject to calcu-
lation of a difference from the original image signal, thereby
outputting a second-scale reflected light component 102B.
This is the SSR reflection component in the case of i=2 in
Equation 4.

FIG. 7 is an explanation diagram of the processing of MSR
reflected light controller 130, which generates a corrected
image signal 13B by using the reflected light components
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101B and 102B as output from the reflection detector 120 of
FIG. 6. This reflected light controller 130 may be arranged by
weighted average using weights W1 and W2 or, alternatively,
by use of an exponential converter 132 along with the
W1/W2-weighted average and gain G. Although it is an ordi-
nary way to let the former be a result of MSR in many cases,
the latter—i.e., the so-called homomorphic filtering result—
is specifically used in this embodiment. The gain G may be
varied depending upon the format of an image signal 10 being
input to the input signal processor 11 and/or the kind of image
contents, for example.

The reflected light components 101 and 102 are subjected
to weighted averaging using W1 and W2, thereby generating
reflected light 131 in the logarithmic space. Namely, this is
Equation 4 of widely-used MSR which is represented by
weighted average of SSRs. Here, image adjustment is applied
by Equation 4 to the signal 131 at gain G. Then, at the
logarithm converter 132, the logarithmic luminance space is
returned to a linear luminance space, resulting in reflected
light r being obtained.

With the prior art retinex theory-based image correction
processing, it is possible to remove the influence of illumina-
tion light components by use of MSR, thereby extracting
reflected light components. However, with this prior art tech-
nique for enhancing the performance of dynamic range com-
pression by simply adjusting a plurality of scales as in the case
of'this MSR, any contribution to reflection natures is not taken
into consideration although consideration is given to the con-
tribution of an image to multiple scales. Therefore, the result
is mere uniform correction irrespective of the material of an
object in such image. Next, reflected light detecting and con-
trolling units used to perform the image processing of this
embodiment will be explained. In the image processing of
this embodiment, reflected light is handled on the basis of a
principal concept as set forth below.

Reflection of light is categorized by its nature into several
kinds of light, such as light that exhibits specular reflection at
a mirror-like smooth surface (referred to hereinafter as the
specular component or, more simply, “specular”), light that
exhibits non-specular or diffuse reflection due to the exist-
ence of fine unevenness of a rough surface (referred to as the
diffuse component or “diffuse”), and environmental light
(called the ambient light or “ambient™) which is the scattered
light resulting from repeated execution of reflections with
respect to its surrounding environment.

For instance, in the field of three-dimensional (3D) com-
puter graphics, a Phong reflection model is known as one of
reflection modes for representing shades of an object surface
by using the above-stated three light natures. With the Phong
reflection model, the quality of material is representable by
the reflective behavior of light.

For example, when a spotlight is irradiated onto a spherical
body made of plastic resin, a small circular highlight with
increased brightness is formed thereon. A rubber-like sphere
is greater in radius of highlight than the plastic one but less in
brightness. This highlight part is the specular reflection. The
diffuse reflection and ambient light also differ in luminance
depending on materials used.

In view of the above, the invention as disclosed herein
provides a high-quality image correction processing tech-
nique for decomposing an image with respect to each light
reflection nature during extraction of reflected light compo-
nents and for changing correction methodology in a way
pursuant to each nature, thereby causing the quality of mate-
rials of shooting objects in an image to be factored into
calculations. For example, image correction processing is
provided which takes into account the material of an object by
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decomposing its image into specular reflection, diffuse
reflection and ambient light components during reflected
light component extraction and by performing adjustment in
such a way as to strongly adjust the specular reflection com-
ponent of glossy metal and glass surfaces while weakly
adjusting the specular reflection part of rubber and clay sur-
faces.

FIG. 5 is a diagram showing an example of the Phong
reflection model. This model consists essentially of a light
source, light rays emitted from this light source, a sphere at
which these light rays are arrived, a floor with the sphere
mounted thereon, and an observer who is watching the
sphere. Observation is performed at a position of viewing
point, by the naked eye or by using observation equipment,
such as a camera or the like.

In FIG. 5, the specular reflection component is light 501
which is reflected from a surface of the sphere—i.e., target
object being imaged—to a direction along the line of sight.
This is the one that the light source is imaged on the sphere
surface, wherein a circular highlight 504 shown in FIG. 5 is
the range of such specular reflection part. In the case of a
plastic sphere for example, a small round highlight with
increased brightness is formed. In the case of a rubber sphere,
the highlight becomes larger in radius than that of the plastic
one but lower in brightness. The Phong reflection model is
under an assumption that the specular reflection part follows
apowered value of cosine of the sight line and reflected light.

InFIG. 5, the diffuse reflection component is light 502 that
strikes a surface of the sphere and then performs diffuse
reflection. The luminance ofthis diffuse part is determined by
directions ofthe light and sphere surface, i.e., the cosine of the
light and normal line; thus, a portion at which the light
directly hits the sphere surface is the range of diffuse reflec-
tion.

In FIG. 5 the ambient light is light 503 that enters the
sphere’s shadow on the floor. This is an accumulation oflight
rays which have reflected many times and scattered around
the sphere and which are averaged in an entire environment.
So, even the shadow part with no direct arrival of light has a
certain level of luminance.

From the foregoing, the Phong reflection model is given by
the following equation.

i

1=kd2

=1

— Lo (Equation 5)
(N-Lmg +ks Y (B-V) 1;+1,
=

Consequently, the reflected light at the reflected light
detector of this embodiment is assumed to consist of ambient
light and diffuse and specular reflection components. Sup-
pose that the ambient light in an image complies with a
wide-scale Gaussian distribution, that the diffuse reflection
part follows a cosine luminance distribution, and that the
specular reflection part obeys a powered-cosine luminance
distribution. Letting a filter of the ambient light be Fa(x,y), a
filter of the diffuse reflection part be Fd(x, y) and a filter of
specular reflection part be Fs(x,y), respective filters are
defined by the following equations.

(Equation 6)
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aVaZ 32 (Equation 7)
Fa(x, y) = cos — /N
2142 (Equation 8)
s = o

FIGS. 8A to 8C are graphs showing distribution curves of
the ambient light, diffuse and specular reflection components,
the vertical axis of each graph representing a luminance level
and the transverse axis indicating one-dimensional position
coordinate. As apparent from these graphs, the diffuse and
specular reflection distributions are greater in steepness of
level drop-down than the Gaussian distribution of the ambient
light.

Note here that a filtering-processed image la of the ambient
light almost consists of ambient components due to averaging
of'its entirety. A filtered image Id of the diffuse reflection part
almost contains only ambient and diffuse components
because specular reflection components are averaged by the
filter. A filtered image Is of the specular reflection is such that
all of the ambient, diffuse and specular reflection components
remain therein because the image is hardly subjected to the
averaging. This is given as Equation 9 below.

Ambient=I, Diffuse=I~I,,Specular=I ~1I; (Equation 9)

Using this, logarithmic-space reflection components are
calculated in a similar way to MSR, a result of which is given
by Equation 10 below.

RPhong,i('xly): WdRDiﬂuse,i(x:)’)"' WSRSpecular,i('xly)

Rspecutari®y)log I, (x,3)-log 1,;,(x,y)=log
(GO IG))-log [Fawy)0I.p)

Rpipse i3 y)log 1, (3 y)-log T, ;(x y)=log
[Fas.)QIx.y)]-log [Foy) GOTe)]
Specular reflection of mirrors and metals or the like are
considered to be total reflection; so, a powered cosine value
becomes infinite. At this time, the specular reflection compo-
nent may also be represented by Equation 11 below.

(Equation 10)

Ropocuton ¥ =10g I03,3)-log [F4x,9) I p)] -log

Lix.y)-log I, (x.y) (Equation 11)

As the ambient light is average light of the entire environ-
ment, either an average value filter or an average luminance
filter may be used in place of Gaussian filter. For example,
when using the average luminance, Equation 12 is given.

Rpiusedxy)=log I, (xy)-log [ZI(x,y)/num]=log

I, (xy)-log 1, (x.) (Equation 12)

In many cases, the specular reflection is highly visible
since it is a highlight with high luminance; the diffuse reflec-
tion is of middle or low luminance. In view of this, for
example, the gain of a high-luminance region such as shown
in FIG. 9A may be added to the specular part R,z of
Equation 10 whereas the gain of a middle/low-luminance
region shown in FIG. 9B may be added to the diffuse part
R pig..50- Here, letting an input/output curve of FIG. 9A be (),
the gain becomes zero (0) when the input luminance I is low.
The gain gradually increases from a middle level of lumi-
nance. At a high luminance level, the gain is equal to one (1).
An input/output curve of FIG. 9B is 1-g(I): when the lumi-
nance is low, the gain is 1; the gain gradually decreases from
a middle luminance level; the gain becomes O at high lumi-
nance level.
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In a similar manner to the example of MSR, Equation 10
defines the operation of a homomorphic filter by addition of
the gain and exponential function after execution of the
weighted averaging. For this homomorphic filter, the loga-
rithmic and exponential functions may be approximated by a
power-used function and its inverse function, for example. In
this case, when letting it be function f, Equation 13 is given.

RPhong,i(xx.V): WdRDiﬂuse,i(x:)’)"' WsRspecular,i(x:)’)

Rpecutar 8059V E (6 ) COIE P AF 2.3 TG0~
T ) )

Roiguse (5 ) E 00 QOImNAF () QL)
T 5N i5.3))

By performing the above-stated processing, it is possible in
the image processing of this embodiment to perform correc-
tion with the nature of reflection being taken into consider-
ation. More specifically, unlike the image processing that
handles reflected light by mere use of a plurality of different
scales, the image processing of this embodiment is specifi-
cally arranged to separate a plurality of nature-different
reflection components respectively and then perform image
processing which factors their natures into calculations. With
this arrangement, it is possible to more preferably represent
the texture of the material of an object in the image.

An arrangement for realizing the above-stated image pro-
cessing will be explained using FIGS. 3 and 4.

FIG. 3 is adiagram showing a configuration of the reflected
light detection unit 150 in accordance with Embodiment 1.
The reflected light detector 150 includes a specular reflection
filter 151, diffuse filter 153, ambient light filter 155, function
transformers 157, 159 and 161, specular reflection detection
unit 163, and diffuse detection unit 164. The specular filter
151 performs filtering processing defined by Equation 8, for
example. The diffuse filter 153 performs filtering processing
shown by Equation 7 for example. The ambient filter 155
performs filtering shown by Equation 6. Next, by using
reflected light components that are function-transformed by
the function transformers 157, 159, 161, the specular reflec-
tion detector 163 detects R,z in Equation 10. At this
time, as stated previously, the arrangement for detecting
Ry, ocutar f Bquation 11 may be employed if needed. Addi-
tionally the diffuse detector 164 calculates R, .. of Equa-
tion 10 in a similar way. Regarding the ambient light compo-
nent, in case the ambient filter 155 is designed to use an
average-value filter or average luminance in place of Gauss-
ian filter as stated above, the component R, ., . to be detected
by the diffuse detector 164 is given by Equation 12. Note that
the function transformers may be arranged to use logarithm
functions as indicated by the equation above or, alternatively,
may be designed to approximate by power functions.

FIG. 4A shows a configuration of the reflected light con-
troller 180 in Embodiment 1. The reflected light controller
180 includes arithmetic operational parts for performing
weighted averaging using weights W1 and W2. This weighted
averaging is the processing corresponding to the computation
processing of Ry, of Equation 10. An output of the
reflected light controller 180 is supplied to an inverse function
transformer 182, which performs transformation processing
using the inverse function of the function used in the function
transformer whereby reflected light r is obtained. In the image
processing apparatus of this embodiment, this reflected light
r is output as a corrected image signal 13. As shown in FIG.
4A, the gain G may be provided to perform gain adjustment.
This gain G may be changed depending, for example, on the
format of image signal 10 as input to the input signal proces-
sor 11 and the kind of video/image contents.

(Equation 13)
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Alternatively, as shown in FIG. 4B, the configuration of
FIG. 4A may be modified to further include a specular cor-
rection gain 183 having a high gain in the high luminance
region of FIG. 9A and a diffuse correction gain 184 having a
high gain in the middle/low luminance region of FIG. 9B.

With the arrangement stated above, in the process of
extracting reflected light components, processing is per-
formed for decomposing or “disassembling” an image into
several kinds of components with different light reflection
natures, i.e., specular reflection, diffuse reflection and ambi-
ent light components, and for varying the degree of correction
in a way pursuant to respective natures, thereby providing
image correction processing that takes account of the material
of an object in such image.

Therefore, according to the above-stated image processing
apparatus of Embodiment 1 of this invention, when extracting
reflection components of incoming light, an image is decom-
posed into parts with different light reflection natures, and
correction methodology is changed as appropriate according
to respective natures. This makes it possible to perform high-
quality image correction processing with the material of an
object in the image being taken into consideration. In other
words, it becomes possible to perform image correction pro-
cessing with enhanced graphical rendering capability supe-
rior to prior art techniques.

Embodiment 2

In Embodiment 1, an example of the image processing
apparatus that performs image correction after having
decomposed an image into parts having different light reflec-
tion natures. In Embodiment 2, adaptive control based on
in-image noises and/or outside light will be described as one
application example of this invention.

FIG. 10 shows an exemplary configuration of image pro-
cessing apparatus 1001 (projector) of this embodiment. Parts
or elements designated by the same reference numerals as
those used in FIG. 1 are the ones that have the same functions
and configurations as those of FIG. 1. Operations and con-
figurations of these elements are as explained in Embodiment
1; so, detailed explanations will be eliminated herein.

This image processing apparatus has an input signal pro-
cessing unit 11 which receives at its input an image signal 10
and converts it into an internal image signal 12 by means of a
compressed image signal decoder, IP conversion, scaler or the
like for example, a luminance sensor 31 which inputs outside
light and outputs a luminance level signal 32 having 256 level
steps as an example, an image corrector 300 which inputs the
internal image signal 12 and luminance level signal 32, a
timing controller 14 which inputs a corrected image signal 33
and processes the corrected image signal to generate a display
control signal 15 based on horizontal/vertical sync signals of
a display screen, and an optics unit 200 including a display
element 202 for displaying images, a light source 203 and a
projection lens 201.

A configuration of the image corrector 300 of this embodi-
ment will be explained with reference to FIG. 11. This image
corrector 300 is made up of a reflected light detector 150
which inputs the internal image signal 12 and detects two
kinds of reflected light components 101-102, a reflected light
controller 180 which inputs these detected light components
and performs adjustment and recomposition to thereby output
a corrected image signal 13, an edge detector 301 which
inputs the corrected image signal 12 and outputs an edge
signal 302, and an adaptive controller 304 which inputs the
corrected image signal 13, edge signal 302, internal image
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signal 12 and luminance level signal 32 and performs adap-
tive control using the luminance level and edge signal.

The edge detector 301 operates, for example, to determine
an edge amount which is set at a value of addition of the
absolute value of a difference between a target pixel and its
neighboring pixel for a number of times corresponding to
neighboring pixels. In this case, a high-frequency region
resembling small-amplitude granular noises becomes smaller
in edge amount. Consequently, in this case, an attempt may be
made to deactivate the correction. With this approach, it is
possible to avoid undesired enhancement of noises.

FIG. 12 is a graph showing a relationship of edge amount
and gain for correction value control, wherein the edge
amount is plotted in the transverse axis whereas the gain is in
the vertical axis. As shown, the gain stays at zero within a
region up to a certain edge amount that is set as core value. As
the edge amount increases, the gain reaches its upper limit
value and becomes constant. By using this characteristic
curve for the edge signal 302 by way of example, it is possible
to control the correction value.

Although the edge detector 301 is arranged to obtain the
edge amount, this detector may be modified to use a high-
frequency passing filter. The edge amount shown in FIG. 12
may be replaced with a spectrum quantity to thereby control
the correction value.

As for the adaptive controller 304, when letting the internal
image signal 12 of the pixel of interest be I, (x,y), the
reflected light-adjusted signal 13 be r(x,y), the edge signal
302 be G, and the gain based on luminance signal 32 be
G,,, and supposing that the corrected image signal 33 is out-
put, Equation 14 below is given.

Lol ¥ )08+ Gogge G [1(3.9)~11n(%.3)] (Equation 14)

In case the luminance as used herein has 256 gradation
levels as an example, the gain G,,, based on luminance level
signal 32 is equal to luminance level signal/256.

Although in Equation 14 the correction amount of the
original image is adjusted by the gain, this equation shows
one example and this invention is not limited thereto. For
instance, the relational expression I=Lr, which is the prin-
ciple of retinex theory shown in

Embodiment 1 and which states that the image 1 is repre-
sented by the product of illumination light I and reflected
light r, may be used to add the gain to the reflected light r to
thereby adjust the correction amount of the original image.
Here, the illumination light [ may be calculated based on the
output of ambient filter 155 and the output of diffuse filter
153. In the case of the processing based on Equation 14 or in
the case of the processing based on the relational expression
I=L-r, the adaptive controller 304 of this embodiment is
capable of outputting the corrected image signal that takes
account of illumination light components.

By enhancing the correction with an increase in illumi-
nance level of outside light in this way, it is possible to prevent
the shooting object in an on-screen projected image from
decreasing in glossy feeling due to the presence of outside
light—usually, sunlight.

Although in the above-stated example the adaptive control
using both the luminance level and the edge signal has been
explained, adaptive control based on either one of them is also
employable, which makes it possible to obtain its correspond-
ing effects. In this case, only one of the gains in Equation 14
may be used, the other of which is unnecessary. Other
unneeded parts or units may be excluded from the configura-
tion of FIG. 11.

With the arrangement stated above, it is possible to provide
the intended adaptive control that does not emphasize noises
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in regions with small-amplitude grain-like noises being con-
tained therein. Additionally, adaptive control is implement-
able for performing strong correction in deference to the
illuminance level in cases where outside light is high in inten-
sity and for rendering the correction inoperative in case no
outside light is present. Adaptive processing with these
approaches combined together is also available.

Accordingly, in accordance with the image processing
apparatus of Embodiment 2, it becomes possible to provide
the image correction processing that is more preferable than
the image correction processing of Embodiment 1.

Embodiment 3

In Embodiments 1 and 2, the projector-used image pro-
cessing apparatuses have been explained as examples of the
constitution of this invention.

In Embodiment 3, an image processing apparatus which is
adisplay panel-integrated display apparatus will be disclosed
as an embodiment other than the projector.

FIG. 13 shows an exemplary configuration of the image
processing apparatus of this embodiment. In a similar manner
to FIG. 1, this apparatus has an input signal processing unit 11
which receives an image signal 10 as input thereto and con-
verts it to an internal image signal 12 by means of a com-
pressed image signal decoder, IP conversion, scaler or the
like, for example, and an image corrector 100 which receives
the internal image signal 12 as its input signal. It also has an
image display unit 500 which receives a corrected image
signal 13 as output from the image corrector 100. The image
display unit 500 is constituted from a timing controller 14
which processes the corrected image signal 13 as input
thereto and generates a display control signal 15 based on
display-screen horizontal/vertical sync signals, and a panel
501 which receives the display control signal 15 and visually
displays an image in a corresponding pixel area. Examples of
the panel 501 include a liquid crystal display (LCD) panel
which controls transmission of the light from a backlight on a
per-pixel basis, a plasma display panel with per-pixel self-
luminous functionality and an organ electro-luminescence
(EL) display panel. Viewing persons are expected to directly
see video images being displayed on the panel 501.

The image corrector 100 is able to perform more preferable
image correction processing when compared to the prior art
as has been explained in Embodiment 1. Accordingly, with
the arrangement of FIG. 13, it becomes possible to provide
the display panel-integrated display apparatus having the
technical effects and advantages of Embodiment 1.

In the configuration of FIG. 13, each processing unit which
is at pre-stage of the image corrector 100 may be modified to
the configuration of Embodiment 2 shown in FIG. 10. In this
case also, it is possible to provide a display panel-integrated
display apparatus having the effects of Embodiment 2.

Optionally, these display panel-integrated display appara-
tuses may be arranged to add television tuner functionality to
the input signal processor 11 and to replace the input image
signal 10 by a TV broadcast signal. In this case, it is possible
to provide TV receiver apparatus capable of performing more
preferable video image correction processing.

With the above-stated image processing apparatus accord-
ing to Embodiment 3 of'this invention, it becomes possible to
provide the display panel-integrated display apparatus having
effects and advantages of Embodiment 1 or 2.

Embodiment 4

In this embodiment, an exemplary image processing appa-
ratus which is an imaging device will be disclosed as still
another embodiment of this invention.
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FIG. 14 shows a configuration of the image processing
apparatus of this embodiment.

This image processing apparatus is generally made up of
an image-sensing optics unit 400, an image corrector 100
which inputs an image signal as output from the imaging
optics unit 400, an image display unit 500 which inputs a
corrected image signal 13 as output from the image corrector
100, and a recording/reproducing unit 41 which inputs the
corrected image signal 13 and stores an image(s) in a record-
ing medium, such as a nonvolatile memory, optical disk or
disc, hard disk drive (HDD) or the like.

Here, the image corrector 100 is similar in configuration to
that of Embodiment 1.

A typical example of the imaging optics unit 400 is a
charge-coupled device (CCD) image sensor module, which
includes an optical lens 401 for collecting light rays, a CCD
402 which generates and outputs an image signal 403 from
light rays collected, and a CCD driver 404 which controls the
CCD and outputs a video image signal 12.

The image display unit 500 includes a timing controller 14
responsive to receipt of the corrected image signal 13 for
generating a display control signal 15 based on display-
screen horizontal/vertical sync signals and a panel 501
responsive to receipt of the display control signal 15 for
displaying an image in a corresponding pixel area. The image
to be displayed at the image display unit 500 may be a real-
time sensed image sent from the CCD driver 404 or, alterna-
tively, a playback image of the image or video contents that
has been stored in record media by the recording/reproducing
unit 41.

The image corrector 100 is able to perform more preferable
image correction processing when compared to the prior art
as stated in Embodiment 1. Hence, use of the imager appara-
tus arranged as shown in FIG. 14 makes it possible to apply,
to a sensed image also, image correction taking into account
the quality of materials of objects in an image.

In addition, it is possible by the recording unit 41 to record
the sensed image with the image correction applied thereto. In
case the recording unit 41 is arranged to store the correction-
completed sensed image in removable record media, such
image is playable by another apparatus, thereby enabling
persons to view the image which has been corrected by the
embodiment technique that is more preferable than the prior
art.

By the image display unit 500, it is also possible for a user
to watch the sensed image with the image correction applied
thereto. The user is able to enjoy texture-improved images
with increased viewability. Another merit lies in an ability to
make sure that the image of interest has been sensed and
stored as an image with its texture being represented more
preferably in an authentic-looking manner.

It should be further understood by those skilled in the art
that although the foregoing description has been made on
embodiments of the invention, the invention is not limited
thereto and various changes and modifications may be made
without departing from the spirit of the invention and the
scope of the appended claims.

The invention claimed is:

1. A displaying apparatus comprising:

an input unit to input an input image signal; and

an image corrector to correct the input image signal,

wherein

said image corrector extracts from the input image signal at

least two different components each of which has differ-
ent ray component from each other and generates a
corrected image signal based on a calculation with
respect to the extracted two different components; and
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inthe calculation by said image corrector, the extracted two
different components are applied weighting and com-
bined; and
wherein said image corrector applies different gain

adjustment processing to respective ones of the
extracted two different components before execution
of'the weighting with respect to these extracted reflec-
tion components.

2. A displaying apparatus comprising:

an input unit to input an input image signal; and

an image corrector to correct the input image signal,
wherein

said image corrector extracts from the input image signal at
least two different components each of which has differ-
ent ray component from each other and generates a
corrected image signal based on a calculation with
respect to the extracted two different components; and

said image corrector includes an edge detection unit to
detect an edge in the input image and wherein said
apparatus changes its image correction processing in
accordance with a detection result of said edge detection
unit.

3. A displaying apparatus comprising:

an input unit to input an input image signal; and

an image corrector to correct the input image signal,
wherein

said image corrector extracts from the input image signal at
least two different components each of which has differ-
ent ray component from each other and generates a
corrected image signal based on a calculation result with
respect to the extracted two different components; and

an illuminance sensor to measure an illuminance intensity
of outside light, wherein

said image corrector changes its image correction process-
ing in accordance with the illumination intensity of the
outside light as measured by said illuminance sensor.

4. A projector comprising:

an input unit to input an input image signal;

an image corrector to correct the input image signal;

a light source;

a display element to control transmission or reflection of
light rays from the light source in accordance with a
corrected image signal generated by said image correc-
tor; and

aprojection lens to output light rays transmitted through or
reflected from the display element, wherein

said image corrector extracts from the input image signal at
least two different components each of which has differ-
ent ray component from each other and generates a
corrected image signal based on a calculation result with
respect to the extracted two different components; and
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inthe calculation by said image corrector, the extracted two
different components are applied weighting and com-
bined; and
wherein said image corrector applies different gain

adjustment processing to respective ones of the
extracted two different components before execution
of'the weighting with respect to these extracted reflec-
tion components.

5. A projector comprising:

an input unit to input an input image signal;

an image corrector to correct the input image signal;

a light source;

a display element to control transmission or reflection of
light rays from the light source in accordance with a
corrected image signal generated by said image correc-
tor; and

aprojection lens to output light rays transmitted through or
reflected from the display element, wherein

said image corrector extracts from the input image signal at
least two different components each of which has differ-
ent ray component from each other and generates a
corrected image signal based on a calculation result with
respect to the extracted two different components; and

said image corrector includes an edge detection unit to
detect an edge in the input image and wherein said
apparatus changes its image correction processing in
accordance with a detection result of said edge detection
unit.

6. A projector comprising:

an input unit to input an input image signal;

an image corrector to correct the input image signal;

a light source;

a display element to control transmission or reflection of
light rays from the light source in accordance with a
corrected image signal generated by said image correc-
tor; and

aprojection lens to output light rays transmitted through or
reflected from the display element, wherein

said image corrector extracts from the input image signal at
least two different components each of which has differ-
ent ray component from each other and generates a
corrected image signal based on a calculation result with
respect to the extracted two different components; and

an illuminance sensor to measure an illuminance intensity
of outside light, wherein

said image corrector changes its image correction process-
ing in accordance with the illumination intensity of the
outside light as measured by said illuminance sensor.
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